ARLIAN
National Disease and Therapeutic Index for the 12-mo period ending in December 1978 reported approximately one million doctor visits for scabies, a 17-fold increase over 1970 and a threefold increase over the 1974 estimate. The Information Medical Service reported 859, 000 visits for scabies in 1983. The increase in scabies in the United States seems to have leveled off, but it has continued at a steady level in the 1980s. Reports from Czechoslovakia (88), Denmark (22) , Great Britain (23, 107) , India (77, 101) , Australia (61) , Greece (98) , and Africa (110) all called attention to the rise in scabies over the past 20 years. In the United States and most other countries human scabies is not a reportable disease, so it is difficult to know its actual prevalence. However, the above data, coupled with the continued case reports, indicate that scabies is still common. In spite of the latest incre · ase scabies has always been a common disease and more common than was generally supposed. The disease in humans was previously thought to be associated with overcrowding, poverty, and poor hygiene. However, the socioeconomic characteristics of patients with scabies during the recent re surgence in the United States seem to be representative of the overall popula tion (8, 54, (82) (83) (84) (85) . Studies employing house-to-house survey techniques demonstrated significant scabies prevalence among the middle to high socio economic classes and among persons with good hygiene (8, 44, 78) . A recent study (8) found that among scabietic patients seen by a dermatologist in southwestern Ohio, 54% of the infested families or individuals were of average socioeconomic level and 33.3% were of above average or high socioeconomic level. Hygienic standards were at least average for both these classes of patients.
A number of studies have reported epizootics or cases of scabies in animals in the last 20 years. Most of these have involved wild canines. Notable epizootics or individual cases of scabies were reported in coyotes in Texas and Kansas (42, 93) , coyote-red wolf hybrids in Texas and Louisiana (92) , coyotes and wolves in Alberta, Canada (114) , red foxes and coyotes in Wisconsin (115) , red foxes in Pennsylvania (95) , dogs (109) , wild canines in New York (111, 112), cattle in New York, Germany, and Denmark (45, 64, 80) , mice and peccaries in the New York Zoological Society (68) , cats (65, 47) , and horses, tapirs, and chamois (55,57 , 59 ). Hourrigan (53) has outlined the history of scabies in cattle in the United States. Surveys in the United States, New Zealand, Ireland, Australia, and England have shown that 30-35% of the domestic pigs surveyed in some populations were infested with S. scabiei (67, (103) (104) (105) .
Most published information on scabies has focused on the clinical and epidemiological aspects of the disease in humans (reviewed in 2, 86, 87) . Several reviews have given an interesting historical perspective and early biological information (41, 49, 76) . Until recently, few modem studies had directly investigated the basic biology of the parasite, the host-parasite in teractions, and the host immune and physiological responses to the mite and its products. However, studies along these lines are important to develop a better understanding of the epidemiology of this disease. Therefore, although this chapter reviews some basic biology and clinical aspects of the parasite and the disease, it focuses primarily on experimental studies of the parasite and the host response conducted in the last 10 years.
MORPHOLOGY
Sarcoptes scabiei belongs to the cohort Astigmata (order Acariformes, sub order Sarcoptiformes) (81) . Sarcoptes scabiei is recognized by the characteristic oval, ventrally flattened, and dorsally convex tortoise-like body, stout dorsal setae, numerous cuticular spines, and transversely ridged cuticular striations. The male (213-285 t-tm long by 162-210 t-tm wide) is about two thirds the size of the female (300-504 p,m long by 230-420 p,m wide) (30) . The female exhibits an external copulatory papilla of the bursa copulatrix on the posterior idiosoma anterior to the posterior-dorsal anal opening. The tarsus of legs I and II on females and males and the tibio-tarsus of leg IV of males bear a stalked empodium that terminates in a broad pad. Legs III and IV of females and leg III of males terminate in a long seta. In addition, the tarsus of legs I and II and tibio-tarsus III bear two spur-like claws in both sexes. Tibio-tarsus IV bears one spur-like claw in males and two in females. The anterior stubby legs extend beyond the anterior-lateral margin of the propodosoma, while the posterior legs do not extend beyond the body margin. Five pairs of dorsal setae, five pairs of lateral setae, and anterior pairs of internal and external scapular setae are present on the dorsal surface. The internal scapular setae and the first dorsal and lateral setae are lamellate. Anterior, medial, and posterior genital setae are present in the male; females lack the medial genital setae. Additional descriptive details, in particular of leg chaetotaxy and larval and nymphal stages, can be found in Reference 30.
LIFE CYCLE
Until recently, little was directly known about the life cycle of S. scabiei; knowledge was primarily based upon pre-World War II anecdotal observa tions, principally of S. scabiei var. hominis (41, 49, 76, 117) . A recent in vivo study of the life cycle of S. scabiei var. canis on a rabbit host, coupled with a detailed morphological study of active and quiescent life stages, for the first time directly revealed that development of both males and females consists of egg, larval, protonymphal, and tritonymphal ins tars (13, 30) . These data are in contrast to several older reports that development consists of (56, 57, 59) .
Biological evidence indicates that there are physiological differences among scabies mites from different hosts and that scabies mites from different hosts are largely host specific (10, 14, 55, 57, 58) . Experimental attempts to transfer scabies from dogs to mice, nude (thymus-deficient) mice, hairless mice, rats, guinea pigs, pigs, cattle, cats, goats, and sheep were unsuccessful (10, 14) . Most of these hosts are known to be parasitized in nature by S. scabiei. Scabies from pigs could not be transferred to dogs. However, scabies from dogs could be transferred to New Zealand white laboratory rabbits, although scabies from humans and pigs could not be transferred to the same rabbits (10, 14) . These experiments suggest that the transfer of S. scabiei from one host species to another does not usually occur. The fact that S. scabiei var. canis infested the laboratory rabbit while the mites from humans and pigs could not is clear evidence of strain differences. Since the same host rabbits were used in all three cases, the host factors limiting exploitation on the rabbit were identical for the three strains. Host specificity may be attributed to a number of parasite and host factors and their interactions. The mechanisms for the host specificity of scabies are largely unknown, but specific factors generally do not allow some strains to survive and proliferate for extended periods on strange hosts. Host recognition and host-seeking stimuli such as odor or body temperature may be involved in host specificity for some strains, but this possibility remains to be investigated for a range of strains. Host odor was not a factor in host specificity for S. scabiei var. canis in the previously mentioned cross-host transfer experiments (11, 14) . When dislodged from a host, this mite was attracted to the odor of cat, rabbit, goat, calf, guinea pig, mouse, and rat ( Figure 1 ), although none of these hosts could be permanently infested (11, 14) . Since these mites reside in the host's epidermis, it is probable that some limiting factors and processes are located there. These factors may include physiological differences in the requirements of mite strains; differences in dietary and nondietary properties of the host skin environment; ability of the host to mount an immune response; antigenicity of the parasite, which provokes the immune response in the host; and resistance of the mite to the host immune response.
Humans occasionally become infested with animal scabies strains when they handle or live with infested animals (31, 45, 56, 58, 91, 109, 113) . Just how often this occurs is unknown, since the various forms are morphological ly similar and not easily distinguished with the usual oil scrape preparations used for clinical diagnosis. The clinical signs of natural and unnatural scabies infestations are identical. Likewise, the extent of cross-infestation between other animals is unknown.
Based on host transfer experiments, most human and animal cross infestations are probably self-limiting. However, cross-infestations involving animal strains can result in temporary infestations that last several months, during which mites reproduce (Table 1) . Transfer experiments indicated that canine mites are capable of burrowing, feeding, and producing eggs in human skin (29) . Within 24 hr these infestations produced intense itching and vesicular and pustular lesions around each burrowed mite. These infestations were temporary and self-limiting. After 1-3 days only dead mites were found in the center of each of these lesions (5). The ability of strains to develop temporary infestations and reproduce on strange hosts has raised the possibility that temporary hosts may serve as reservoirs for transmission of mites back to natural hosts (14) . Self-limiting cross-infestations on some experimentally infested strange hosts lasted up to 13 wk ( Table 1) . Most of these infestations spread from the point of inocula tion as mites reproduced and increasing parasitemia developed. Hosts infested with strange scabies strains exhibited hyperkeratosis similar to that seen in advanced infestations on natural hosts before the infestation gradually waned (14) . Transfer of scabies from unnatural hosts back to natural ones may explain apparent treatment failures in domestic animals.
SENSORY PHYSIOLOGY
Sarcoptes scabiei var. canis perceives both host odors and thermal stimuli. When dislodged from the host, mites are attracted to the source of these stimuli (11, 14) . Likewise, S. scabiei var. hominis exhibits a strong thermo taxis and moves to the warmest part of a temperature gradient (72) . Females of S. scabiei var. canis placed at varying distances from a rabbit host on a rod leading to and touching the rabbit migrated toward the host from up to 15.4 cm away (11). More than 63% of the specimens moved toward the host when they were placed at 5.6 cm or less from the rabbit. In these experiments the percentage of test mites moving toward the host increased as the distance was decreased. Within this experimental design, host body temperature, odor, and CO2 were possible stimuli. Similar experiments in which the host was re placed by a 32°C abiotic thermal stimulus, which eliminated host odor and CO2 stimuli, gave similar results; 83% of mites placed 5.6 cm from the heat source migrated toward the thermal stimulus. Female mites placed midway between a host and a thermal stimulus at close proximity responded to both with no preference. As the distance between the two stimuli was increased, most mites that responded moved toward the host. Therefore, a combination of host odor and body temperature was a stronger stimulus, or mites perceived odor from a greater distance than temperature alone. Additional experiments showed that all life stages of S. scabiei var. canis perceived and responded to host odor in the absence of CO2 (14).
SURVIVAL AND INFESTIVITY
Although it was not directly investigated, the role of fomites in the transmis sion of human scabies was formerly thought to be minimal (82, 84, 85, 91, 102, 119) . However, recent direct studies of the life cycle, behavior, survival, infestivity, and prevalence of mites in the host environment indicates that fomites can be important sources of mites for infestation or reinfestation (8, 9, 11, 13, 14, 16 Life cycle studies have shown that all life stages frequently leave the burrow and wander on the skin, and they may fall or become dislodged from the host (13) . Live mites can be recovered from the environment of scabies patients (8, 9) and presumably from that of other hosts. Survival off the host, coupled with retained infestivity and host-seeking behavior, make it probable that dislodged mites can be important in scabies transmission in homes, barns, outdoor livestock enclosures, and kennels.
Survival off the host is greatly dependent on ambient temperature and relative humidity (RH) (9, 16) . Lower temperatures and higher RH, which reduce desiccation, generally favor longer survival, while higher temperatures and lower RH result in significantly reduced survival. Female mites survived only a few hours at 45°C and 25 and 45% RH, but 8 and 19 days at 10°C and 2S and 97% RH, respectively. Females died after 10 min at sooe; however, those that survived 5 min at this temperature immediately burrowed into the skin when placed back on the host. At the other extreme, some females survived I hr at -25De. but survivors were not infestive and would not penetrate host skin, although they were active and walked about. Therefore, natural or manipulated high or low temperatures could be used to control these mites in the environment.
Generally, all life stages of S. scabiei var. canis survived 1-9 days at IS-2SDe and 25-97% RH. Under comparable conditions males and larvae survived one third to one half as long as other life stages. Tritonymphs of females generally exhibited the longest survival (2 1 days) of any life stage at 10°C and 97% RH, but they survived only 5-10 hr when survival was determined at 2S. 30. 3S, and 4Soe and 97% RH. Significantly, these mites generally survived 2-5 days at temperature and RH comparable to outdoor summer conditions or those in heated homes and bams. Lower temperatures comparable to winter conditions extended survival.
How long mites retain the ability to penetrate a host (remain infestive) is an important aspect of their survival time off the host. When held off the host at room conditions, S. scabiei var. suis from pigs burrowed into the skin 24 hr later (9). Likewise, S. scabiei var. canis that had burrowed in the skin remained infestive 36 hr after the death of the host.
When S. scabiei var. canis mites were removed from the host. held at 75% RH and 22-24°e for 24 hr, and then placed back on the skin they began burrowing into the skin within 6 min; within 1 hr these specimens were half to fully submerged in the stratum corneum (9, 16). The mean time for complete penetration of these mites was 35.4 ± 17 min. Under these conditions no mites survived 40 hr off the host. Those surviving 36 hr initiated penetration within 3 ± 3 min when placed back on the host, but required 97 ± 36 min to penetrate completely. Nutritional and water requirements stimulated speci mens that had been off the host longer to initiate penetration sooner than fresh specimens. However, because of their weakened condition the time required for complete penetration increased as a function of the time off the host. In addition, live specimens of S. scabiei var. hominis recovered from the bed linen of scabietic patients penetrated and burrowed when placed on a rabbit. Specimens removed from patients with crusted scabies and held alternately under room conditions (21°e and 45% RH) and refrigeration (4 or lOoe and 95% RH) for 12-hr periods remained infestive and burrowed into rabbit skin after 4 days. These observations and experiments indicate that mites remain infestive for at least one half to two thirds of their survival time when dislodged from the host. By comparison, the average time needed for fresh S. scabiei var. hominis specimens to initiate penetration was 9.6 ± 6.2 min, and these specimens were completely submerged in 31.0 ± 15.0 min. Fresh females of S. scabiei var. canis initiated penetration within 20.5 ± 16.5 min and required 23 ± 5.9 min after initial penetration to become completely submerged in the stratum corneum. Males, nymphs, and larvae of S. scabiei var. canis penetrate and become completely submerged in the skin in less time than females (9) . Larvae, compared with other life stages, complete penetra tion most rapidly (Table 2) .
PREY ALENCE OF SCABIES IN THE HOST ENVIRONMENT
Only a few studies have directly investigated the occurrence of scabies mites in the environment of scabietic patients (8, 9, 21, 51) . In detailed studies of the home environment of 37 scabietic patients, 44% of the homes contained scabies mites in the dust vacuumed from floors, overstuffed chairs or couches, and mattresses (8) . Dust samples from 64% of the positive homes contained live mites. Live mites were most often recovered from bedroom floors and chairs or couches. Some dust samples were not analyzed until 72 hr after collection; the prevalence of live mites would likely have been higher had the dust samples been analyzed immediately upon collection. The recov- ery of live mites from the homes of scabietic patients, coupled with mite survival of 1-5 days at room conditions (9, 16), the host-seeking behavior of all life stages (11, 14) , and the mite's rapid penetration of the host's skin once on the host (9), indicates that fomites in homes can be a source for transmis SIon. Interestingly, detailed study of the environment of nursing homes housing scabietic patients gave different results (8) . Live mites were less frequently recovered from bedding, floors, and furniture than in patient homes. Regular housekeeping practices, frequent bed linen changes, and stringent hygienic standards in the nursing homes studied minimized fomite contamination, and higher room temperatures resulted in higher mite mortality due to desiccation. Personal contact was probably the primary means of transmission among patients, staff, and family members in these nursing homes.
HOST/PARASITE ENERGETICS
Few studies have quantitated the effects of scabies infestations on the health, weight, and physiology of parasitized animals. Lightly infested hosts usually do not exhibit obvious disease manifestations. Chronic and severe scabies infestations cause visible deterioration of the host's physical condition, pro gressive emaciation or reduced weight gain in growing animals, reduced milk production in cattle, and eventually even death (3, 6, 7, 20, 80, 93, 103) . These signs may be accompanied by changes in specific serology and blood biochemistry in some hosts, depending upon the host species and the duration and severity of the infestation (6, 93). The reasons for weight changes, altered physiology, and death are unknown.
These mites directly drain energy from the host by consuming the host's lymph and lysed tissue. Indirectly, host energy is drained by the mite stimulated hyperplasia and the subsequent loss of stratum corneum and by increased physical activity caused by response to the parasitic infestation. Study of the energetics of rabbits parasitized by S. scabiei var. canis has shown that even under heavy parasitemia mites do not deplete sufficient energy from the host to account for the weight loss or reduced weight gain of heavily parasitized hosts (7) . Mite density at the crusted stratum corneum! stratum lucidum interface of heavily parasitized rabbits was about 1483 mites per cm 2 (7). A typical mite population on this host comprised 18% females, 18% males, 13% female tritonymphs, 24% protonymphs and male tri tonymphs combined, and 27% larvae. Measured O2 consumption at 34°C and 75% RH for female and male S. scabiei was 2 and 0.76 nl O 2 per hr per mite, respectively. Based on proportional size and activity, nymphs and larvae utilized an estimated 0.76 and 0.38 nl O2 per hr per mite, respectively. With this mite density and these O2 requirements, it has been estimated that the mite population would utilize 150.48 1-'1 O2 per day per cm 2 of infested surface. Since I J-LI O 2 consumed corresponds to approximately 0.0048 cal derived through metabolism of food, 0.722 cal per day per cm 2 was obtained from the host. This amount was only 0.25-0. 40% of the host's daily metabo lism. Based on weight gain by matched uninfested control rabbits, mite consumption reduced the weekly weight gain of growing rabbits by only 1.9%, or less than 0.0 1 g of host biomass (carbohydrate, fat, or protein) per wk. Clearly, direct energy drain does not cause reduced weight gain or weight loss in heavily parasitized animals (7). Indirect energy drains, i.e. the hyper plasia and loss of stratum corneum that may accompany heavy infestations, arc probably much more significant.
Controlled laboratory experiments demonstrated that during development of a scabies infestation, young rabbits grew at a rate comparable to that of noninfested control rabbits during the first 17 wk of infestation. However, infested rabbits consumed more food than controls, which indicates a lower food-converting efficiency. As the infestation spread and parasitemia became heavy, growth of the rabbits stopped abruptly. A steady weight loss occurred over the next 25 wk until the rabbits were treated. Control rabbits continued to grow. Interestingly, food consumption by infested rabbits during the period of weight loss was similar to that of controls. Therefore, for unknown reasons, food-converting efficiency was much reduced. Two similar studies reported that weight gains in young pigs parasitized by S. scabiei were reduced by 3.3 and 5.5% when compared to gains of noninfested controls (3, 20) . However, the infested pigs of the Cargill & Dobson study (20) showed depressed food efficiency, whereas those in the study of Alva-Valdes et al (3) showed no significant difference compared with the controls. By contrast, another study reported that pigs lightly infested with S. scabiei responded similarly to parasitized rabbits in that the infestation had no significant effect on growth (103, 106) . Unlike the rabbits, the pigs showed no change in food-converting efficiency.
Although data are limited, it generally appears that light infestations have little effect on the growth rate of young hosts, but the food-converting efficiency may or may not be influenced. In chronic heavy scabies in festations weight is affected. It is unknown what causes the reduced weight. Reports of pathophysiology in infested hosts suggest that toxic secretions from the mite, coupled with the host's immune responses and possibly with secondary bacterial infections, contribute to disease manifestations (5, 6, 93, 104, 105 corpuscular hemoglobulin levels (6, 103). Sheahan (103) suggested that in pigs the anemia was related to an iron deficiency caused by loss of iron in shed skin scales and reduced ability to absorb iron from the intestine. Reduced serum iron concentrations in human patients with scaly dermatoses have been reported (66, 108) . Rabbits exhibited highly variable serum iron levels, but although they were lower than those of controls, they were not statistically different. Whether or not there is a relationship between anemia caused by scabies infestation and dietary iron deficiency, altered iron absorption, or iron metabolism is still unknown. Dogs and rabbits provided ad lib complete diets in the laboratory and both iron-treated and iron-deprived pigs developed severe scabietic lesions, which suggests that dietary iron deficiency does not predispose to scabies. However, the iron-deprived pigs of the Sheahan study (103) showed significantly reduced weight gains and lower hematological values, which had no apparent relationship to the severity of the scabietic lesions. These data indicate that iron deprivation may not affect susceptibility but that it does affect severity of anemia and expression of pathological manifestations (possibly by increasing the iron requirements). In contrast, Kutzer (55) considers dietary vitamin A and mineral supplies to be important factors in predisposition to scabies. One study reported that blood hematocrit, hemoglobin, and total serum protein levels in cattle moderately or severely infested with S. scabiei, in contrast to those in rabbits and pigs, were normal (80) . Two studies have examined in detail selected hematological and blood biochemical parameters usually used as prognostic indicators of disease in infested and uninfested hosts. Abnormal values in some of these parameters indicated that scabies causes pathological conditions in severely infested hosts (6, 93) . Similar neutrophil, lymphocyte, monocyte, eosinophil, and basophil levels in scabies-infested and uninfested wild coyotes have been reported (93) . Interestingly, infested humans show blood eosinophilia (37) . By con trast, scabies-infested laboratory rabbits exhibited elevated neutrophil levels and reduced lymphocyte, eosinophil, and basophil levels (6) . The reduced levels in rabbits may reflect cell migration to the infested dermal/epidermal area and sequestering of B cells in lymphoid tissue. Generally, deviant serum biochemical parameters that accompanied the infestation in both rabbit and coyote hosts were similar except that total serum protein was elevated in rabbits and reduced in coyotes; glucose and alkaline phosphatase were normal in rabbits but reduced in coyotes; blood urea nitrogen (BUN) was reduced in rabbits and elevated in coyotes; and bilirubin was normal in rabbits and elevated in coyotes (Table 3) . Slightly and moderately infested rabbits and coyotes showed fewer or no deviations in blood chemistry levels. These indexes return to normal in rabbits following treatment and recovery, which indicates that the pathophysiological conditions that develop as a result of scabies infestation are reversible. Sheahan (104, 105) has also reported significant increases in mean total serum protein and beta and gamma globu lins in infested pigs. These pigs also exhibited large deposits of glycogen and acid mucopolysaccharide in the scabietic lesions.
CLINICAL SCABIES
The usual signs and symptoms of human scabies infestations are pruritic, erythematous, papular, and vesicular lesions that are associated with the burrowed mite. Some children may develop nodular scabies, which is char acterized by reddish-brown infiltrated nodules that may persist for months despite therapy (85) . In some patients an additional rash with numerous small mite-free urticarial papules develops on other mite-free areas of the body (37, 46, 63, 99) . The cause of these secondary lesions is unknown, but it has been suggested that they result from an allergic sensitivity or autosensitization reaction that is due to either cell-mediated immune responses or circulating immune complexes (46, 63) . Itching associated with the mite may be mild to severe, and it is reported by many to be most noticeable at night (2). It is not clear if the nighttime intense itching is due to increased body sensitization during that time, increased mite 'activity (burrowing and associated secretions and defecation), or simply an increased awareness of discomfort in a resting individual. Metabolic studies of S. scabiei off the host have shown that there are no intrinsic diurnal changes in mite O2 consumption that would reflect changes in activity (7). However, on the host, diurnal changes in the host's physiology could act as extrinsic stimuli to prompt parallel changes in mite activity.
In humans, mites and lesions most often tend to localize in the webs of the fingers, the volar aspect of the wrists and arms, and the extensor aspect of the elbows (2, 25, (69) (70) (71) . Other areas commonly involved, in order of declining frequency, are the soles and insteps of the feet, genitals, buttocks, axillae, waistline, and the area around the nipples (2, 25, 69). It is not clear what characteristics of th, e skin direct infestation to these body areas. In humans, the clinical signs and symptoms of early to moderate stages of scabies infestation mimic other skin diseases such as dermatitis, herpetiformis, ecze ma, syphilis, impetigo, furunculosis, papular urticaria, allergic reactions, and response to other ectoparasitic mites and insects (e.g. chiggers, Pyemotes spp., lice, fleas, and bedbugs) (2, 19, 26) .
The severe itching and associated lesions of a primary infestation are generally reported to take 4-8 wk to develop (70) . Therefore, the disease is usually not diagnosed until long after the patient's contact with scabies. This latent period of primary infestation is thought to be associated with the development of sensitization. However, with subsequent reinfestations (secondary infestations) sensitization and similar signs and symptoms are evident within 24-48 hr and develop rapidly, presumably because the host has been sensitized by the previous infestation (70) . A few recent reports have indicated that lesions and the associated pruritus of primary infestations have developed within a few days to 2 wk in some cases (62, 90, 97) . The reason for this accelerated development is unknown. It may be associated with these scabies patients' previously developed sensitivity to the house dust mite (15, 75) . It has recently been discovered that some antigens of scabies and house dust mites are cross-reactive, and atopic patients with dust mite sensitivity and no history of scabies exhibit circulating IgE directed at determinants of S. scabiei antigens (15) . On the other hand, it is interesting that primary (tempo rary) canine scabies in humans exhibits pruritic, erythematous vesicular lesions within 24--36 hr. The rapid skin reaction of humans to S. scabiei var. canis and the generally more delayed skin reaction to S. scabiei var. hominis indicate that there arc antigenic differences between the two strains.
Mites produce a serpiginous burrow in the stratum corneum as they digest and consume this tissue. This burrow is frequently described as a clinical sign for the diagnosis of scabies. Unfortunately, in most hosts these burrows are rarely visible with the unaided eye or without enhancement. Generally they are only visible when there is sufficient inflammation associated with the burrow and the accumulation of ingrained dirty material. They ar� always present, however, and they may be made visible by placing a drop of ink on or rubbing an ink pen over the suspected skin (120) . After a few minutes ink will seep into the burrow, and when the excess is wiped from the skin surface the ink-filled burrow will be clearly visible. The burrow is also enhanced by applying liquid tetracycline (27) . The burrows then fluoresce bright yellow green under a Woods light.
The clinical skin signs of scabies infestation are similar for most mammals except that in some hosts mite proliferation and thus progression of the disease is more rapid than in others. For example, experimental inoculation of a small area on the back of a dog led to total body involvement and localized hyperkeratosis in 3-4 wk (10). By comparison, similar inoculation of rabbits with S. scabiei var. canis resulted in full body involvement and localized hyperkeratosis with crusting only after many months. Likewise, humans develop localized regions of hyperkeratosis and full body involvement only after many months with infestations of S. scabiei var. hominis.
Untreated scabies in all mammals advances to scaly skin and eventually heavy crusting from hyperkeratosis. The crusted state in humans is referred to as Norwegian scabies. Hyperkeratotic crusts in humans and animals vary in thickness from a few to 20 mm. Crusts are dry and porous with numerous vacant mite burrows (10, 116) . Crusts can be readily pried off the host. Mites are found on the undersurface of the crusts at the moist interface of the stratum corneum/stratum lucidum and the stratum granulosum of the epidermis. Mite density at this interface may exceed 1400 mites per cm 2 of skin surface (7).
Scabies is indisputably diagnosed in all hosts by positive skin scrapings. Suspected areas are scraped with a scalpel or razor blade, and the removed epidermis is placed on a microscope slide in a drop of mineral oil and then overlaid with a coverslip. Eggs, all active life stages, fecal pellets, and in some cases partial or complete burrows are visible under both the dissecting and compound microscopes.
SCABIES ANTIGENS
Scabies mites reside in the lower stratum corneum of the epidermis near the stratum corneum/stratum lucidum interface (28, 29 and water-procurement studies suggest that intercellular fluid from lower skin zones may seep into the burrows or at least into close proximity of the burrowed mites and their mouthparts. Apparently this aqueous material pro vides a medium for soluble antigens (presumably from the mite's body), saliva and other body secretions, and feces to diffuse into the dermis and stimulate an inflammatory and immune response. As yet little is known about the specific source and properties of these antigens for most scabies strains.
Until recently the inadequate supplies of scabies mites and antisera against them limited investigations both to characterize scabies antigens and to determine the host immune response to them. However, the recently reported successful transfer of S. scabiei var. canis to laboratory rabbits has provided an adequate supply of mites for preparation of antigenic extracts and antisca bies sera for immunologic study (10, 12) . Using this rabbit model, antigens of S. scabiei var. canis have been partially characterized by crossed im munoelectrophoresis (CIE) , crossed radioimmunoelectrophoresis (CRIE), and SDS-PAGE coupled with Western blotting and autoradiography (12, 15) . CIE of S. scabiei var. canis extract reacted with antisera from rabbits heavily parasitized with this strain demonstrated the presence of nine anti gens; seven antigens were anodically moving (electronegative) and two were cathodically moving (electropositive) (12, 15) . Fractionation of S. scabiei var. canis extract by SDS-PAGE resolved more than 30 protein/peptide bands (15) . At least 20 bands were in the 14-66 kd range. Following blot transfer of the protein bands onto nitrocellulose membranes and incubation of individual tracks in human allergic reference sera and radiolabeled anti-human IgE, autoradiograms showed that 15 different protein/peptide bands bound IgE antibodies. Since nine antigens were identified by CIE but 15 SDS-PAGE resolved bands bound human IgE, some of the antigens must exhibit multiple antigenic determinants. It is not known if multiple determinants on a single antigen -are similar or different. The finding that determinants or'S. scabiei antigens bind human IgE is significant, since IgE is the antibody type associated with allergic disease.
Preliminary indirect immunologic evidence indicated at least some cross antigenicity between antigens of S. scabiei strains from different hosts (15) . At least two antigen-antibody precipitates formed by CIE reaction of antigens of S. scabiei var. canis extract with anti--S. scabiei var. canis rabbit sera following incubation of eIE gels in scabietic (S. scabiei var. hominis) patient sera exhibited IgE binding. The fact that patients infested with S. scabiei var. hominis exhibited circulating IgE antibodies that bound to antigens of S. scabiei var. canis is direct evidence (provided that this binding was not cross-reactivity involving house dust mites) that there is at least partial, if not complete, identity between antigens of these strains. Falk et al (36) reported that rabbit antiserum raised against the house dust mite Dermatophagoides jarinae recognized four S. scabiei var. hominis antigens. By comparison, anti-D. jarinae rabbit serum recognized six S. scabiei var. canis antigens (15) . These results are indirect evidence that the S. scabiei strains from dogs and humans may share at least four antigens or epitopes that cross-react with house dust mite antigens (15) . Direct investigations of the similarities and differences in antigenicity of scabies from different hosts are still necessary to establish clearly the immunologic relationships among strains and their im plications.
CELL-MEDIATED IMMUNE RESPONSE
The cell-mediated host immune response to scabies antigens is characterized by cell infiltrates in or near the skin lesions. These infiltrates may be in the superficial and deep dermis, in tissue surrounding small blood vessels, around sweat glands in the lower dermis, and in subcutaneous fat (1, (37) (38) (39) 50) .
They consist of mainly lymphocytes and fewer histocytes, neutrophils, and eosinophils (37) . The density of the infiltrates varies according to the level of infestation and varies among lesions, but the predominant lymphocytes in the infiltrates are T lymphocytes (38) . The fact that the ratio of T lymphocytes to B lymphocytes is greater in the infiltrates than in peripheral blood reflects selective movement of T cells into the dermis (38) . T lymphocytes have a major role in delayed hypersensitivity skin reactions. Their accumulation in the dermis suggests that this type of reaction occurs in scabies, and their accumulation in lesions shows the importance of a cell-mediated immune response in the pathogenesis of scabies (38) . Prick and intracutaneous skin testing of patients within a year after scabies infestation indicated that im mediate hypersensitivity reactions may occur (35) .
Scabies-infested pigs developed immediate and delayed hypersensitivity reactions following local inoculation with a crude extract of S. scabiei (105) .
The immediate reaction resembled a local anaphylactic response. In terestingly, iron-deprived pigs reacted less to the intradermal inoculation than iron-treated littermates. These reactions appeared similar to reactions in human skin.
HUMORAL IMMUNE RESPONSE
It is clear that scabies antigens provoke a humoral immune response. Howev er, few controlled studies have investigated and thoroughly characterized this response for any host. Both immunized and naturally infested rabbits, pigs, and guinea pigs exhibit serum antibodies directed at S. scabiei antigens (12, 15, 104, 118, 121, 122 antibodies to nine different antigens (12) . Varied alterations in serum isotypic immunoglobulin levels in scabietic patients relative to posttreatment levels or levels in serum of uninfested patients have provided indirect evidence of a humoral response in humans. Hancock et al (46) reported that circulating IgA levels may be significantly lower in scabies patients than in normal persons. Likewise, Falk (32, 33) found that IgA levels of scabietic patients were significantly lower than those of the same patients 6 and 9 mo later following successful treatment. Elevated serum IgG and IgM levels in scabietic patients, which returned to normal following treatment, have also been reported (32) .
Investigations of serum IgE levels of scabietic patients give conflicting evidence of whether or not scabies antigens provoke an IgE-mediated reaction to scabies. Hancock et al (46) found that 99 of 100 patients examined in a study had total IgE levels within normal limits. By contrast, Araujo-Fontaine et al (4), Falk (32), Falk & Bolle (34, 35) , and Larregue et al (60) found elevated IgE values in 15,20,42,45, and 65% of their patients, respectively. Since specific scabies antigens were not used as probes in these studies, it was not known if IgE was induced by scabies antigens or was the result of atopy. Most of the patients in Falk's study (32) had no obvious history of atopy, but their histories were not confirmed. Two more recent studies using scabies extracts have directly demonstrated S. scabiei-specific IgE in scabietic sera, but the number of patients examined was small (5, 96) .
Since these initial immunologic investigations of scabietic patient sera, understanding of the antibody response to scabies antigens has become even more uncertain with the recent finding that scabies and house dust mites are highly cross-antigenic; the IgE built against D. jarinae recognizes antigenic determinants on S. scabiei. Because of this cross-reactivity and the lack of human studies with patients skin-tested to house dust mites, the IgE and other isotypic responses to scabies have not yet been confirmed.
Apparently, mite antigens promote selected diffusion of circulating anti bodies and C3 complement out of the vasculature and their deposition in dermal vessels, epidermis, and the dermoepidermal junction in the vicinity of the mites. Immunofluorescence studies of biopsied specimens from involved skin of 11 patients revealed IgE in vessel walls from four patients, IgM and C3 deposits at the dermoepidermal junction in one patient, and only C3 deposits in the latter area in one patient (40) . Deposits ofIgG, IgM, and C3 in dermal vessels and IgG, IgA, and C3 at the dermoepidermal junction have also been noted in similar studies (52, 100) . The biological importance of these responses in determining host susceptibility and resistance to scabies infestations and host specificity remain to be determined. Variations in resis tance and susceptibility in natural hosts as well as host specificity may reflect both differences in the hosts' ability to mount these responses and the parasites' resistance to them.
SUMMARY
Scabies continues to be an important parasitic disease of humans and other mammals. Surprisingly for a disease that has afflicted humans since antiquity, littIe is directly known about the basic biology of the parasite, the host parasite interactions, the host immune response , and host susceptibility. Much more research in these areas is needed if we are to understand fully the occurrence, transmission, and epidemiology of both human and animal sca bies. 
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